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OIL PROPELLER WHEEL AND SHAf=T 
FOR POWER TRANSMISSION DEVICES 

FIELD OF THE INVENTION 
[0001] The present invention relates to power transmission devices for 
use in automotive vehicles and more particularly to lubrication mechanisms for 
delivering lubrication to predetermined locations within a power transmission 
device. 

BACKGROUND OF THE INVENTION 

[0002] Effective oil lubrication is important for many mechanical 
systems. Lubrication may be employed in a given mechanical system to 
reduce the operating temperature, reduce noise level, reduce contact 
resistance of inter-working components, and increase overall longevity of the 
mechanical system. 

[0003] Many conventional mechanical systems, such as 
transmissions and transfer cases, incorporate an oil pump to facilitate 
lubrication to desired components. Alternatively, some mechanical systems 
may incorporate splash lubrication whereby oil is splashed onto a desired 
bearing or component by a gear or simple rotating disk incorporated in the 
mechanical system proximate the desired component. 

[0004] While such arrangements are satisfactory for their intended 
purpose, a need exists to develop simpler, more cost-effective alternatives 
that provide the desired function while advancing the art. 
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SUMMARY OF THE INVENTION 
[0005] A power transfer device includes a casing, a lubricant reservoir 
In the casing and a shaft rotatably supported in the casing. The shaft extends 
into the lubricant reservoir, the lubricant reservoir having lubricant therein. A 
lubricant driving structure is coupled to the shaft for common rotation therewith. 
The lubricant driving structure includes at least one helically shaped member that 
extends longitudinally along and circumferentially about at least a portion of the 
shaft. The at least one helically shaped member is at least partially located in the 
lubricant reservoir. Rotation of the at least one helically shaped member drives a 
portion of the lubricant in an axial direction along the shaft and away from the 
lubricant reservoir. 

[0006] According to other features, the at least one helically-shaped 
member comprises a plurality of circumferentially-spaced apart teeth that extend 
outwardly of the shaft. The teeth taper radially outwardly along a direction that is 
generally opposite an axial direction in which the portion of the lubricant is driven. 
The at least one helically shaped member is Integrally formed with the shaft. The 
shaft extends into a hole formed into another component of the power transfer 
device and the at least one helically shaped member terminates axially along the 
shaft prior to a point at which the shaft enters the hole. 

[0007] A power transfer device includes a casing and a lubricant 
reservoir in the casing, the lubricant resen/oir having lubricant therein. A shaft is 
rotatably supported within the casing and extends into the lubricant reservoir. A 
differential assembly is coupled to the shaft. An oil propeller wheel is fixedly 
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mounted around the shaft for rotation therewith. The oil propeller wheel 
communicates with the lubrication in the lubricant reservoir and is operable to 
direct a portion of the lubricant from the lubricant reservoir in a direction axially 
along the shaft and toward the differential assembly. 

[0008] According to other features, the shaft extends through a hold in 
the first member, the first member having a recessed portion for accommodating 
the oil propeller wheel. An annular space is defined between the first member 
and the shaft. The annular space forms a passage for delivering the lubrication 
from the oil propeller wheel to the differential assembly. 

[0009] According to still other features, the oil propeller wheel includes 
a main body portion having gear type teeth disposed radially therearound. The 
gear type teeth extend from a first end of the main body portion to a wall portion 
formed at a second end of the main body portion. The gear type teeth extend in 
a generally helical pattern tapering outwardly and defining blade portions from 
the first end of the body portion to the second end of the body portion. The wall 
portion is operable to inhibit lubrication from flowing from the second end portion 
in a direction away from the first end portion. The casing defines a passage 
adapted to deliver the lubricant from an area adjacent the differential assembly to 
the lubricant reservoir. 

[0010] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
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the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The present invention will become more fully understood from 
the detailed description and the accompanying drawings, wherein: 

[0012] FIG. 1 is a schematic view of an exemplary motor vehicle 
having an exemplary transfer case into which an oil propeller shaft and oil 
propeller wheel constructed in accordance with the teachings of the present 
invention are incorporated; 

[0013] FIG. 2 is a cross-sectional view of the transfer case of FIG. 1 ; 

[0014] FIG. 3 is a side view of a portion of the transfer case of FIG. 1 
illustrating the oil propeller shaft; 

[0015] FIG. 4 is an enlarged view of the oil propeller shaft illustrating 
the threaded intermediate portion; 

[0016] FIG. 5 is a cross-sectional view of the threaded intermediate 
view taken along line 5 - 5 of FIG. 4; 

[0017] FIG. 6 is a cross-sectional view of the exemplary transfer case 
of FIG. 1 incorporating an oil propeller wheel constructed in accordance with the 
teachings of the present Invention; 

[0018] FIG. 7 is an axial end view of the oil propeller wheel of FIG. 6; 

and 
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[0019] FIG. 8 is a cross-sectional view of the oil propeller wheel taken 
along line 8- 8 of FIG. 7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] The following description of the preferred embodiment(s) is 
merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. The differential assembly according to the present 
teachings may be utilized with a wide variety of applications and is not intended 
to be specifically limited to the particular application recited herein. 

[0021] With initial reference to FIG. 1, a power transfer device or 
transfer case 10 constructed in accordance with the teachings of the present 
invention is shown in conjunction with an exemplary motor vehicle 12. While the 
power transfer device has been shown as a transfer case 10 assembly for 
exemplary purposes, those of ordinary skill in the art as will readily appreciate 
from the following discussion, that the power transfer device may be othenwise 
configured. As such, the scope of the present invention is not limited by the 
particular example provided but rather includes devices including, but not limited 
to, transmissions, differentials, axles, and power-take-offs. 

[0022] The vehicle 12 may include an engine 18 and a transmission 
16. The transfer case 10 may be coupled to the transmission 16, which in turn 
operably coupled to the engine 18. A first propeller shaft 19 may be employed to 
transmit rotary power between the transfer case 10 and a first axle 21 for driving 
a first set of drive wheels 24. A second propeller shaft 26 may be employed to 
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transmit rotary power between the transfer case 10 and a second axle 28 for 
driving a second set of drive wheels 30. The engine 18 produces drive torque 
that may be communicated to the transfer case 10 through a plurality of 
selectively engagable gear ratios that are provided by the transmission 16. 

[0023] The transfer case 10 may receive drive torque from the 
transmission 16 and selectively distribute rotary power to the first and second set 
of drive wheels 24 and 30. In this way, the transfer case 10 may be configured to 
provide an "on-demand" four-wheel-drive mode, providing rear or front wheel 
drive as a default operation and providing power to all four wheels when 
necessary. Alternatively, the transfer case 1 0 may be configured to provide a 
four-wheel-drive mode controlled automatically or by a vehicle operator. 

[0024] With continued reference to FIG. 1 and further reference to 
FIGS. 2 and 3, the transfer case 10 includes a shaft, such as the first output shaft 
20, that may include an intermediate threaded portion 34 for facilitating 
lubrication within the transfer case 10 as will be described in greater detail 
herein. The intemriediate threaded portion 34 is formed around a circumferential 
surface 36 of the first output shaft 20. 

[0025] The transfer case 1 0 may comprise a casing 40, an input shaft 
42, a differential assembly 44, the first output shaft 20 and a second output shaft 
48. The input shaft 42 may be drivingly connected to an output shaft (not shown) 
of the transmission 16 and is rotatably supported in the casing 40 by a bearing 
assembly 50. In the exemplary transfer case 10, the first output shaft 20 is 
configured to transmit rotary power for driving the first set of drive wheels 24, or 
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rear drive wheels as depicted in FIG. 1. Likewise, the second output shaft 48 is 
configured to transmit rotary power for driving the second set of drive wheels 30, 
or front drive wheels as depicted in FIG. 1 . The first output shaft 20 may be 
rotatably supported in the casing 40 by any appropriate means, such as a 
bearing assembly 54 and a needle bearing or bushing 72. The second output 
shaft 48 may also be rotatably supported in the casing 40 by any appropriate 
means, such as a pair of bearing assemblies 56. 

[0026] A torque transfer mechanism 60 is disposed in the transfer case 
10 for selectively transferring drive torque from the differential assembly 44 to the 
second output shaft 48. The torque transfer mechanism 60 generally comprises 
a first drive sprocket 62 rotatably mounted about the first output shaft 20, a 
second driven sprocket 64 rotatably mounted to the second output shaft 48 and a 
torque transfer element 70, such as a chain or belt, interconnecting the sprockets 
62 and 64. In the examples provided, the first drive sprocket 62 has a pocket 76 
that defines an annular space 74 about at least a portion of the threaded portion 
34 of the first output shaft 20. 

[0027] The differential casing 40 may define a wall 80 adjacent to the 
transfer mechanism 60 and proximate to the drive sprocket 62. The wall 80 
defines a lubricant reservoir 82 that is interconnected to at least one fluid 
passage 84. The lubricant resen/oir 82, which may be defined by the casing 40, 
the shield bearings 54 and 58, and the drive sprocket 62, is adapted to store a 
predetermined amount of lubricant, such as oil, that is used for lubricating the 
differential assembly 44, the needle bearing or bushing 72 and the bearing 



7 



Attorney Docket No. 9539-000107 

assembly 50. The lubricant reservoir 82 may be sealed at tlie shield bearings 54 
and 58 by seals 83. 

[0028] The intermediate threaded portion 34 of the first output shaft 20 
extends into the lubricant reservoir 82 for communicating with the lubricant 
therein. More specifically, the threaded portion 34 defines an entry portion 86 on 
a first end, which is in communication with the lubricant reservoir 82, and a 
delivery portion 88 on a second end. The threaded portion 34 has a profile 
whereby rotation of the first output shaft 20 causes lubricant at the lubricant 
reservoir 82 to be directed axially along the threaded portion 34 toward the 
delivery portion 88 (leftward as viewed from FIG. 2). In this way, the threaded 
portion 34 of the first output shaft 20 urges lubrication in a direction toward the 
differential assembly 44. The lubrication passes through the annular space 74 
and into the differential assembly 44 by way of an inlet path 90. In the example 
shown, the inlet path 90 is a space between the first output shaft 20 and an 
output of the differential assembly 44 that is coupled to the first drive sprocket 62. 

[0029] As lubrication is urged into the differential assembly 44, 
lubrication within the differential assembly 44 is forced through the oil passages 
98 and the clearance 66 between the drive sprocket 62 and the differential 
assembly 44. From there, the lubricant may flow into an inner cavity 94, then 
through an oil passage 96 and back into the inner cavity 92 of the casing 40 
proximate the driven sprocket 64. The lubricant may be forced out from the 
differential assembly 44 through the oil passages 98 to lubricate the bearing 
assembly 50. The lubrication, drawing from the inner cavity 92, may be splashed 
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onto the drive sprocket 62 and the torque transfer element 70 and thereafter may 
pass through the fluid passage 84 and into the lubrication resen/oir 82 whereby 
the cycle is repeated. 

[0030] With reference to FIG. 3, the first output shaft 20 will be 
described in greater detail. The first output shaft 20 generally comprises a 
longitudinal shaft member 100 having first end portion 102, a second end portion 
104 and the intermediate threaded portion 34. The first end portion 102 may 
include splines 110 for engaging complementary splines (not specifically shown) 
formed on the differential assembly 44. The second end portion 104 may have 
any desired configuration that permits it to transmit rotary power to the first prop 
shaft 19 (FIG. 1) for transmitting rotary motion to the first set of drive wheels 24 
(FIG.1). 

[0031] With reference to FIGS. 4 and 5, the detail of an exemplary 
threaded portion 34 is shown. Specifically, the threaded portion 34 is in the form 
of a continuous helically shaped member defining helical worm teeth 112 for 
communicating fluid in a desired direction (e.g., leftward as viewed in FIG. 4) to 
deliver lubrication to a desired location. In the example provided the first output 
shaft 20 rotates in the direction of arrow R. The helical worm teeth 112 each 
define a driving face 120 oriented on a fonward side of the teeth 112. The 
respective driving faces 120 contact the lubrication to urge it axially along the 
output shaft 20 toward the differential assembly 44. The profile of the teeth 112 
defines a pressure angle a (FIG, 5). The pressure angle a shown on the 
exemplary threaded portion 34 may comprise various angles. For example, the 
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threaded portion 34 may comprise square teetli presenting a constant pressure 
angle a = 0°, generally V-shaped teeth which present a constant pressure angle 
that is greater than 0° and less than 180°, or comprise curved teeth, such as 
those shown in FIGS. 4 and 5, having a variable pressure angle. In practice, the 
fluid delivering capacity and capability of the threaded portion 34 increases as 
the pressure angle decreases. The lubrication transferring efficiency is controlled 
by many factors such as, the number of continuous teeth 112, the length of the 
threaded potion 34, the pressure angle a, the tooth pitch, and surface finish of 
the teeth 1 1 2 for example. 

[0032] Turning now to FIG. 6, a second exemplary power transfer 
device, which may be a transfer case 200, incorporating an oil propeller wheel 
202 according to other features of the present invention is shown. The transfer 
case 200 includes like components as described in relation to the transfer case 
10 and as such, these components are designated with like reference numerals 
with two hundred (200) added thereto. Again, as will become readily appreciated 
from the following discussion, while the oil propeller wheel 202 is described in 
relation with a transfer case 200, the teachings of the present invention may be 
applied to other mechanical systems and power transfer devices for distributing 
lubrication to a working element. 

[0033] The transfer case 200 includes an input shaft 242, a differential 
assembly 244, a first output shaft 220 and a second output shaft 248. A torque 
transfer mechanism 260 generally comprises a first drive sprocket 262 rotatably 
mounted about the first output shaft 220, a second driven sprocket 264 rotatably 
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mounted to the second output shaft 248 and a torque transfer element 270 
interconnecting the sprocl<ets 262 and 264. The differential casing 240 defines a 
wall 280 adjacent to the transfer mechanism 270 and proximate to the drive 
sprocket 262. This wall 280 defines a lubricant reservoir 282 that may be 
interconnected to at least one fluid passage 284. The lubrication reservoir 282, 
which may be defined by the casing 240, shield bearings 254 and 258, and the 
drive sprocket 262, is adapted to store a lubricant, such as oil, used for 
lubricating the differential assembly 244, the needle bearing or bushing 272, and 
the bearing assembly 250. The lubricant reservoir 282 may be sealed at the 
shield bearings 254 and 258 by seals 283. 

[0034] The oil propeller wheel 202 is mounted around an intermediate 
portion 234 of the first output shaft 220 and may be disposed in the lubricant of 
the lubricant reservoir 282. The oil propeller wheel 202 is securely attached to 
the first output shaft 220 for common rotation therewith. As will be described, the 
oil propeller wheel 202 is operable to direct lubrication from the lubricant 
reservoir 282, through an annular space 274 provided between the first output 
shaft 220 and the drive sprocket 262 of the transfer mechanism 270 and into the 
differential assembly 244. The drive sprocket 262 may include a recess 278 for 
accommodating the oil propeller wheel 202. 

[0035] During operation, the oil propeller wheel 202 rotates with the 
first output shaft 220. The oil propeller wheel 202 causes lubrication to flow from 
the lubrication reservoir 282 in a desired direction (e.g., leftward as viewed in 
FIG. 6) to deliver lubrication to a desired location, such as the differential 
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assembly 244. As lubrication Is urged into the differential assembly 244, excess 
lubrication exits tlie differential assembly 244 is forced through oil passages 298 
and the clearance 266 between the drive sprocket 262 and the differential 
assembly 244 into the inner cavity 294, then through an oil passage 296, and 
back into the inner cavity 292 of the casing 240 proximate the driven sprocket 
264. The lubrication may be forced out of the differential assembly 244 through 
the oil passages 298 to lubricate the bearing 250 assembly. The lubrication, 
drawing from the inner cavity, may be splashed onto the drive sprocket 262 and 
the torque transfer element 270 and thereafter may pass through the fluid 
passage 284 and into the lubrication reservoir 282 whereby the cycle is repeated. 

[0036] With reference to FIGS. 7 and 8, the oil propeller wheel 202 will 
be described in greater detail. The oil propeller wheel 202 generally includes a 
main body 300 having a plurality of helically-shaped circumferentially spaced- 
apart teeth 310 extending radially outwardly from the main body 300. The gear 
type teeth 310 may extend from a first axial end 312 of the body 300 to a wall 
portion 316 formed at a second axial end 320 of the body 300. The teeth 310 
may be generally helical in shape and may taper in a radially outward direction 
between the ends 312 and 316 so as to define a blade portion 322 from the first 
end 312 of the body 300 to the second end 320 of the body 300. 

[0037] The teeth 310 may be arranged in a "right-hand" helical pattern 
as viewed from FIG. 7. Rotation of the propeller wheel 202 in the direction of 
arrow R' causes the helical blade portions 322 of the teeth 310 to urge lubrication 
toward the differential assembly (FIG. 6). When the first output shaft 220 (FIG. 6) 
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is rotating in a clockwise direction (for example when tlie vehicle is operated in 
reverse), the wall 316 inhibits lubrication from passing rightward beyond the body 
300 and toward the bearing assembly 254 (FIG. 6). It will be appreciated from 
the disclosures that the "hand" of the helical lubrication moving element may be 
set for a desired application and as such, the scope of the present invention is 
not limited by the particular examples shown. 

[0038] The oil propeller wheel 202 is comprised of a rigid material such 
as metal or plastic. It may be machined from metal such as cast iron or 
aluminum. Alternatively, it may be molded or cast from metal, powdered metal or 
plastic. The oil propeller wheel 202 may be rigidly attached to the first output 
gear 220 by any suitable mounting techniques, such as, but not limited to, 
fasteners such as a key or dowel for example, press-fit or splined with the first 
output shaft 220. 

[0039] While the invention has been described in the specification and 
illustrated in the drawings with reference to various embodiments, it will be 
understood by those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without departing from the 
scope of the invention as defined in the claims. Furthermore, the mixing and 
matching of features, elements and/or functions between various embodiments is 
expressly contemplated herein so that one of ordinary skill in the art would 
appreciate from this disclosure that features, elements and/or functions of one 
embodiment may be incorporated Into another embodiment as appropriate, unless 
described othenwise above. Moreover, many modifications may be made to adapt 
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a particular situation or material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended that the invention not be 
limited to the particular embodiment illustrated by the drawings and described in the 
specification as the best mode presently contemplated for carrying out this 
invention, but that the invention will include any embodiments falling within the 
foregoing description and the appended claims. 
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